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(54) Title: METHODS FOR MAKING ULTOA-LOW EXPANSION SILICA-TITANIA GLASSES 




(57) Abstract 

Ultra-low expansion silica-titania glasses are produced by flame deposition, of a mixture of vaporized octamethylcyclotetrasiloxane 
(OMCTS) and vaporized titanium isopropoxide (Ti-Ipox). Ti-Ipox is vaporized by nitrogen bubbled from conduit (16) into tank (12) and 
OMCTS is vaporized by nitrogen bubbled from conduit (14) in tank (10). Before being mixed with the Ti-Ipox, the OMCTS is dried so 
that its water content is less than 2 ppm and preferably less than 1 ppm. In this way, the formation of a precipitate on the glass making 
equipment (e.g., burners (28), distribution manifold (26), static mixer (18), joint (13), and conduits (20, 22, 24 and 30)) is avoided. Such a 
precipitate if allowed to form will result in premature shutdown of the glass making process and can result in undesirable variations in the 
composition of the silica-titania glass being produced. 
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METHODS FOR MAKING ULTRA-LOW EXPANSION 
SILICA-TITANIA GLASSES 

5 U.S. GOVERNMENT RIGHTS 

The government of the United States of America has rights in this 
invention pursuant to Subcontract No. B299143 awarded by the Regent of 
the University of California under prime contract No. W-7405-ENG-48 
awarded by the U.S. Department of Energy. 

10 FIELD OF THE INVENTION 

This invention relates to ultra-low expansion glasses composed of 
Si02 and Ti02. More particularly, the invention relates to environmentally 
friendly methods for making such glasses. 
BACKGROUND OF THE INVENTION 

15 Historically, ultra-low expansion glasses composed of Si02 and Ti02 

have been made by flame hydrolysis (flame deposition) of SiCL* and TiCU. 
The deposition process is carried out in a furnace composed of a refractory 
crown, which carries a series of soot producing burners, and a refractory 
cup, which collects the soot produced by the burners to form a glass "boule." 

20 The Ti02 concentration in the finished glass is typically in the 5-11% by 
weight range (e.g., approximately 7% by weight) and the glass has an 
expansion coefficient of less than 5xlO- 7 /°C. See U.S. Patent No. 2,326,059. 

SiCLj and TiCU are clearly chlorine-containing compounds. When 
used to make glass, these raw materials result in the production of various 

25 chlorine-containing by-products, e.g., CI2 and HC1, which can cause 

environmental damage. Although these by-products can be collected by 
scrubbing the emission gases which exit the glass making furnace, such 
scrubbing is expensive and complicates the glass making process. 

To avoid the production of chlorine-containing by-products, halide- 

30 free polymethylsiloxanes have been used in the production of silica- 
containing glasses. In particular, octamethylcyclotetrasiloxane (OMCTS) 



wo 99/54: 



■2- 



PCT/US99/08777 



has been used for this purpose. See Dobbins et al., U.S. Patent No. 
5,043,002, and Blackwell et al., U.S. Patent No. 5,152,819, the contents of 
both of which are incorporated herein by reference. 

Blackwell et al., U.S. Patent No. 5,154,744, the contents of which are 
also incorporated herein by reference, describes the production of titania- 
doped fused silica glass using OMCTS and a number of titanium -containing 
organic compounds, including titanium isopropoxide (Ti-Ipox). 
Significantly, with regard to the present invention, there is no disclosure in 
this patent that without special treatment, OMCTS cannot be used with 
Ti-Ipox in the commercial production of SiCVTiCb glasses and, in 
particular, the production of ultra-low expansion Si0 2 -Ti0 2 glasses. 
SUMMARY OF THE INVENTION 

In view of the foregoing state of the art, it is an object of the present 
invention to provide improved methods for producing ultra-low expansion 
glasses. In particular, it is an object of the invention to provide 
environmentally friendly methods for producing ultra-low expansion 
glasses composed of Si02 and Ti0 2 . It is a further object of the invention to 
provide methods for making OMCTS compatible with Ti-Ipox. 

In accordance with the invention, it has been surprisingly found that: 
(1) Ti-Ipox is exceedingly sensitive to even the smallest amounts of water 
and/or hydroxyl groups in OMCTS; and (2) OMCTS as commercially 
supplied contains amounts of dissolved water and silanols (SiOH) well 
above the levels to which Ti-Ipox is sensitive, even though OMCTS is 
considered in the art to be a hydrophobic material, e.g., commercially 
available OMCTS typically has a water content of around 10 ppm but can 
have water levels as high as 200 ppm or even higher. 

The sensitivity of Ti-Ipox to water/hydroxyl groups present in 
OMCTS can be best understood by reference to the apparatus of Figure 1. 
This figure shows storage tanks 10 and 12 for OMCTS and Ti-Ipox, 
respectively, each storage tank being equipped with appropriate heating 
equipment (not shown) for converting its contents into vapor form. An inert 
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gas, e.g., nitrogen, is supplied to tanks 10 and 12 through feed lines 14 and 
16, respectively, and serves to carry vaporized OMCTS and vaporized 
Ti-Ipox to static mixer 18 by means of conduits 20 and 22. From static 
mixer 18, the mixed vapors pass through conduit 24 to distribution 
5 manifold 26 and from there to burners 28 by means of conduits 30. 

In this arrangement, the OMCTS and Ti-Ipox vapors are only in 
contact between joint 13 and burners 28. This corresponds to a contact 
time of only a few seconds. Yet, in accordance with the invention, it was 
discovered that even this limited amount of exposure of Ti-Ipox to the 

10 water/hydroxyl groups in OMCTS results in substantial impairment of the 
glass making process. In particular, the water/hydroxyl groups in OMCTS 
were found to hydrolyze the Ti-Ipox resulting in the formation of a white 
precipitate at all points downstream of joint 13. This precipitate, which is 
believed to be Ti02, accumulates on, among other things, burners 28 

15 resulting in pressure increases in distribution manifold 26 and deviations 
in the composition of the boule. As a result, frequent shutdowns of the 
process are required for precipitate removal so that only boules of a limited 
size can be made which, in many cases, are too small for use in making 
desired products, e.g., are too small to make low expansion optical mirrors 

20 having large diameters. The presence of the precipitate in the glass making 
apparatus can also result in off-spec material, e.g., materials having 
elevated expansion coefficients, thus reducing the overall yield of the 
process. 

To solve this problem, the invention in accordance with certain of its 
25 aspects provides a method for producing a silica-titania glass which 
comprises the steps of: 

(a) producing a first gas stream which comprises OMCTS in vapor 
form, e.g., an OMCTS/N 2 gas stream carried by conduit 22; 

(b) producing a second gas stream comprising Ti-Ipox in vapor 
30 form, e.g., an Ti-Ipox/N2 gas stream carried by conduit 20; 
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(C) mixing the first and second gas streams to form a third gas 
stream, e.g., the mixing of the first gas stream in conduit 22 
with the second gas stream in conduit 20 at joint 13 and in 
static mixer 18 to produce a mixed gas stream (the third gas 
stream) in conduit 24; 

(d) forming soot particles from the third gas stream using at least 
one burner, e.g., forming soot particles from the gas stream in 
conduit 24 by means of distribution manifold 26, conduits 30, 
and burners 28; and 

(e) producing the desired silica-titania glass from the soot 
particles, e.g., by collecting the soot particles produced by 
burners 28 to form a boule, with the boule being consolidated 
as the soot particles are collected or alternatively, but less 
preferred, after the particles are collected; 

wherein the concentration of water and/or hydroxyl groups in the first gas 
stream is sufficiently low so that mixing of the first and second gas streams 
does not result in the formation of a substantial amount of a precipitate as 
a result of hydrolysis of Ti-Ipox. As used herein, a "substantial amount 11 of 
precipitate is an amount which necessitates premature shut down of the 
glass making process for precipitate removal before a desired quantity of 
glass has been produced. 

In certain preferred embodiments of the invention, the concentration 
of water in the OMCTS prior to its incorporation in the first gas stream is 
less than 2 ppm and, most preferably, less than 1 ppm. Such a low 
concentration of water is preferably achieved by pre-drying the OMCTS 
before it is introduced into tank 10. The inert gas provided to tank 10 by 
conduit 14 must also be dry so that water is not reintroduced into the 
OMCTS. Similarly, the inert gas provided to tank 12 by conduit 16 must 
also be dry. 

Although OMCTS and Ti-Ipox are the preferred starting materials 
for producing silica-titania glasses, other halide-free compounds can be 
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used in the practice of the invention. For example, rather than OMCTS, 
other polymethylsiloxanes or, more generally, other halide-free, silicon- 
containing compounds which can be converted through thermal 
decomposition with oxidation or flame hydrolysis to Si02 can be used in the 
5 practice of the invention. Similarly, rather than Ti-Ipox, other titanium- 
containing organic compounds or, more generally, other halide-free, 
titanium-containing compounds which are sensitive to water and/or 
• hydroxyl groups and which can be converted through thermal 

decomposition with oxidation or flame hydrolysis to Ti02 can be used. 
10 Discussions of such alternative compounds can be found in U.S. Patents 
Nos. 5,043,002, 5,152,819, and 5,154,744, referred to above. 
BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a schematic diagram of apparatus which can be used in 
the practice of the invention to produce silica-titania glasses. 
15 Figure 2 is a schematic diagram of apparatus which can be used to 

produce M dry" OMCTS. 

The foregoing drawings, which are incorporated in and constitute 
part of the specification, illustrate the preferred embodiments of the 
invention, and together with the description, serve to explain the principles 
20 of the invention. It is to be understood, of course, that both the drawings 
and the description are explanatory only and are not restrictive of the 
invention. The drawings are not intended to indicate scale or relative 
proportions of the elements shown therein. 
DESCRIPTION OF THE PREFERRED EMBODIMENTS 
25 Figure 2 shows suitable equipment for producing an OMCTS 

feedstock having a low water content. As shown in this figure, OMCTS 
which is to be dried (the "wet" OMCTS) is introduced into tank 32 through 
conduit 34 which is equipped with shut off valve 36. The wet OMCTS is 
heated to a temperature of, for example, 140°F, after which dry nitrogen is 
30 pumped into the tank through conduit 38. Conduit 38 can be equipped with 
a sparger so as to produce numerous small bubbles which flow upward 
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through the wet OMCTS. A nitrogen flow rate of 12.5 scfm has been found 
suitable to dry approximately 300 gallons of OMCTS in about 3.5 hours. 

The heating of the OMCTS is preferably performed by hot oil tracing 
of tank 32. Although electric heating can be used, hot oil heating is 
preferred since it reduces the chances of hot spots along the surface of the 
tank which can result in undesirable polymerization of the OMCTS. Even 
with hot oil heating, the temperatures of the OMCTS and of the hot oil need 
to be monitored to avoid excessive heating and thus polymerization of the 
OMCTS. Because the vapor pressure of water is substantially greater than 
that of OMCTS, the temperature of the wet OMCTS does not have to be 
raised above 212°F to achieve effective water removal but only to a 
temperature of around 140°F. 

As dry nitrogen from conduit 38 passes through the heated OMCTS, 
it picks up water vapor which is carried out of the tank through conduit 40, 
leaving behind drier OMCTS. As the drying process proceeds, the water 
level remaining in the OMCTS is monitored by means of monitoring circuit 
46 which includes pump 42 and moisture sensor 44. Moisture sensor 44 
can, for example, be a PANAMETRICS brand sensor manufactured by 
Panametrics Incorporated, Waltham, MA. Although this sensor gives 
somewhat qualitative results, it has been found to work successfully in 
practice. 

When the concentration of water in the OMCTS drops to below 1 ppm 
(e.g., to a level of 0.8 ppm) and remains at that concentration for a period of, 
for example, one hour, the flow of nitrogen is shut off and the dried OMCTS 
is transferred to storage tank 50 using pump 48. By means of conduit 52, a 
blanket of dry nitrogen is maintained over the "dry" OMCTS as it is being 
pumped into tank 50, as well as during storage in that tank. When needed 
in the glass making process, the dry OMCTS is transferred to tank 10 of 
Figure 1 using outlet conduit 54 of tank 50 and an appropriate inlet conduit 
(not shown) to tank 10. 
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The apparatus of Figures 1 and 2 is preferably made of stainless 
steel, e.g., 304L SS, except for conduits 30 in Figure 1 which are preferably 
PFA TEFLON. Tanks 10 and 12 in Figure 1, as well as the conduits shown 
in that figure, are preferably hot oil traced. As discussed above, tank 32 in 
5 Figure 2 is also hot oil traced, as are the various conduits associated with 
that tank which carry OMCTS. 

In practice, the difference between using dry OMCTS versus using 
wet OMCTS has been found to be dramatic. Thus, using wet OMCTS, the 
pressure in the distribution manifold 26 of Figure 1 was found to rise from 
10 15 inches of water to 65 inches of water in two hours as a result of 
precipitate buildup in the system. When dry OMCTS was used, the 
pressure increased by only 1 inch of water over a period of 160 hours, thus 
allowing full sized boules of ultra low expansion silica-titania glass to be 
produced. 

15 Although specific embodiments of the invention have been described 

and illustrated, it is to be understood that modifications can be made 
without departing from the invention's spirit and scope. For example, 
equipment other than that illustrated in Figure 2, e.g., equipment which 
operates on a continuous as opposed to a batch basis, can be used to dry the 

20 OMCTS prior to its vaporization and mixture with vaporized Ti-Ipox. 

Similarly, although the invention has been described in terms of producing 
glass boules of ultra-low expansion silica-titania glasses, it can also be used 
in the production of other silica glasses which contain titanium. For 
example, the invention can be used in the preparation of titanium-doped 

25 preforms from which optical waveguide fibers can be drawn. 

A variety of other modifications which do not depart from the scope 
and spirit of the invention will be evident to persons of ordinary skill in the 
art from the disclosure herein. The following claims are intended to cover 
the specific embodiments set forth herein as well as such modifications, 

30 variations, and equivalents. 
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What is claimed is: 

1. A method for producing a silica-titania glass comprising the 
steps of: 

(a) producing a first gas stream comprising a halide-free, silicon- 
containing compound in vapor form; 

(b) producing a second gas stream comprising a halide-free, 
titanium-containing compound in vapor form, said halide-free, 
titanium-containing compound forming a precipitate in the 
presence of water and/or hydroxyl groups; 

(c) mixing the first and second gas streams to form a third gas 
stream; 

(d) forming soot particles from the third gas stream using at least 
one burner; and 

(e) producing the silica-titania glass from the soot particles; 
wherein the concentration of water and/or hydroxyl groups in the first gas 
stream is sufficiently low so that mixing of the first and second gas streams 
does not result in the formation of substantial amounts of said precipitate. 

2. The method of Claim 1 wherein step (a) comprises drying the 
halide-free, silicon-containing compound. 

3. The method of Claim 1 wherein the concentration of water in 
the halide-free, silicon-containing compound is less than 2 ppm. 

4. The method of Claim 1 wherein the concentration of water in 
the halide-free, silicon-containing compound is less than 1 ppm. 

5. The method of Claim 1 wherein the halide-free, silicon- 
containing compound is a halide-free polymethylsiloxane. 

6. The method of Claim 5 wherein the halide-free, silicon- 
containing compound is octamethylcyclotetrasiloxane. 

7. The method of Claim 1 wherein the halide-free, titanium- 
containing compound is a titanium-containing organic compound. 

8. The method of Claim 7 wherein the titanium-containing 
organic compound is titanium isopropoxide. 



WO 99/541 



PCT/US99/08777 



1/2 



CD 
CM 



CM 




O 
CO 



o 

CO 



o 

CO 



CO 



CO 



CO 
CM 



CO 



CM 
CM 



CO 

o 



i 



CM 

Z 



Ll 



o 

CM 



J 



X 

o 

Ql 



CM 



WO 99/542. 



PCT/US99/08777 



2/2 




INTERNATIONAL SEARCH REPORT 



International application No. 
PCT/US99/08777 



A. CLASSIFICATION OF SUBJECT MATTER 
IPC(6) : C03B 8/04, 20/00 
US CL :65/17.4 p 414 

According to International Patent Classification (IPC) or to both national classification and IPC 



FIELDS SEARCHED 



Minimum documentation searched (classification system followed by classification symbols) 
U.S. : 65/17.4, 413 , 414, 422, 426; 427/167, 452; 423/336 



Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 



Electronic data base consulted during the international search (name of data base and, where practicable, search terms used) 
Please See Extra Sheet. 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 



Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



p, x 

P, Y 
X 
Y 
Y 

A 
A 



WO 98/27018 (BOEK ET AL) 25 June 1998, claims 4-6. 



US 5,154,744 A (BLACKWELL ET AL) 13 October 1992, col. 2, 
line 60 to col. 7, line 22. 



US 5,451,390 A (HARTMANN ET AL) 19 September 1995, entire 
patent. 

US 5,043,002 A (DOBBINS ET AL) 27 August 1991. 
US 5,152,819 A (BLACKWELL ET AL) 06 October 1992. 



1 and 5-8 
2-4 

1 and 5-8 

2-4 

2-4 

1-8 
1-8 



| x| Further documents are listed in the continuation of Box C. | [ See patent family annex. 



* Special categories of cited document!; 

"A* document defining the generel state of the art which it not considered 

to be of particular relevance 

"E" earlier document published on or after the unemotional filing date 

"L" document which may throw doubts on priority claim<») or which u 

cited to establish the publication date of another citation or other 
special reason (as specified) 

*0" document referring to an oral disclosure, use, exhibition or other 

means 

"P" document published prior to the international filing date but later than 
the priority date claimed 



"T* later document published after the internauonal filing date or priority 

date and not in conflict with the applicauon but cited to understand 
the principle or theory underlying the invention 

"X* document of particular relevance; the claimed invention cannot be 

considered novel or cannot be considered to involve an invenuve step 
when the document is taken alone 

*Y" document of particular relevance; the claimed invention cannot be 

considered to involve an invenuve step when the document is 
combined with one or more other such documents, such combtnauon 
being obvious to a person skilled in the art 

'&.' document member of the same patent family 



Date of the actual completion of the international search 



09 JUNE 1999 



Date of mailing of the international search report 

29JUN1999 



Name and mailing address of the ISA/US 
Commissioner of Patents and Trademarks 
Box PCT 

Washington, D.C. 20231 
Facsimile No. (703) 305-3230 



Authorized officer, 



onzed 
SEAN 



^ojgicerj^^j \ 
jQlNCENT 



Telephone No. (703) 308-0661 



Form PCT/ISA/210 (second sheet)(July 1992)* 



INTERNATIONAL SEARCH REPORT 



International application No. 
PCT/US99/08777 



B. FIELDS SEARCHED 

Electronic data bases consulted (Name of data base and where practicable terms used): 
APS, STN 

search terms: silica, titania. sio2, tio2, titanium oxide, omcts, ti (iw) ipox, octamelhyicyclotetrasdoxane, titanium 
isopropoxide, hydrolysis or soot, water or hydroxy!?, rcmov? or free. 



Form PCT/ISA/210 (extra sheet)(July 1992)* 



INTERNATIONAL SEARCH REPORT 


International application No. 
PCT/US99/08777 


C (Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT 


Category* 


Citation of document, with indication, where appropriate, of the relevant passages 


Relevant to claim No. 


A 


JP 4-74728 A (SUMIMOTO ELECTRIC IND CO) 10 March 
1992. 


1-8 


A 


JP 6-160657 A (MITSUBISHI ELECTRIC CORP) 07 June 1994. 


1-8 

1 



Form PCT/ISA/210 (continuation of second shcei)(July 1992)* 



FOR THE PURPOSES OF INFORMATION ONLY 



Codes used to identify States party to the PCT on the front pages of pamphlets publishing international applications under the PCT. 



AL 


Albania 


ES 


Spain 


AM 


Armenia 


FI 


Finland 


AT 


Austria 


FR 


France 


AU 


Australia 


GA 


Gabon 


AZ 


Azerbaijan 


GB 


United Kingdom 


BA 


Bosnia and Herzegovina 


GE 


Georgia 


BB 


Barbados 


GH 


Ghana 


BE 


Belgium 


GN 


Guinea 


BF 


Burkina Faso 


GR 


Greece 


BG 


Bulgaria 


HU 


Hungary 


BJ 


Benin 


IE 


Ireland 


BR 


Brazil 


IL 


Israel 


BY 


Belarus 


IS 


Iceland 


CA 


Canada 


IT 


Italy 


CF 


Cencral African Republic 


JP 


Japan 


CG 


Congo 


KE 


Kenya 


CH 


Switzerland 


KG 


Kyrgyzstan 


CI 


Cote d* I voire 


KP 


Democratic People's 


CM 


Cameroon 




Republic of Korea 


CN 


China 


KR 


Republic of Korea 


cu 


Cuba 


KZ 


Kazakstan 


cz 


Czech Republic 


LC 


Saint Lucia 


DE 


Germany 


U 


Liechtenstein 


DK 


Denmark 


LK 


Sri Lanka 


EE 


Estonia 


LR 


Liberia 



LS 


Lesotho 


SI 


Slovenia 


LT 


Lithuania 


SK 


Slovakia 


LU 


Luxembourg 


SN 


Senegal 


LV 


Latvia 


sz 


Swaziland 


MC 


Monaco 


TD 


Chad 


MD 


Republic of Moldova 


TG 


Togo 


MG 


Madagascar 


TJ 


Tajikistan 


MK 


The former Yugoslav 


TM 


Turkmenistan 




Republic of Macedonia 


TR 


Turkey 


ML 


Mali 


TT 


Trinidad and Tobago 


MN 


Mongolia 


UA 


Ukraine 


MR 


Mauritania 


UG 


Uganda 


MW 


Malawi 


US 


United States of America 


MX 


Mexico 


uz 


Uzbekistan 


NE 


Niger 


VN 


Viet Nam 


NL 


Netherlands 


YU 


Yugoslavia 


NO 


Norway 


ZW 


Zimbabwe 


NZ 


New Zealand 






PL 


Poland 






PT 


Portugal 






RO 


Romania 






RU 


Russian Federation 






SD 


Sudan 






SE 


Sweden 






SG 


Singapore 







